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By G. E. ¥WeElroyél 
INTRODUCTION 


This panera is one of a liuited series being prepared by the 
Bureau of Mines to supplement a more extensive series on mining and 
preparation methods in the various mining districts of the United States. 
It describes ventilation methods and practices et the anthracite colli-~ 
eries in the Nortnern field of the anthracite mersures of Pennsylvania 
as obtained by personal inspections in twenty of the larger collicries 
during 1933 and. 1934 and from supplenentary information furnished then and 
later by opcrating officials, 


This field is one of the four major divisions - Northern, Eastern 
Middle, Western Middle, and Southern ~ into which the anthracite deposits of 
Penrsylvania are naturally divided, and constitutes, in plan, a slightly 
bowed lens, about 60 miles long, and that extends from Forest City on the 
north through Scranton, Pittston, Wilkes-Barre, and Nanticoke to Shickshinny 
on the south with a maximum width of € miles. It is the oldest and larzest 
producing field of the four, and has produced continuously from 1808. ‘The 
total enthracite production for the State reached a peak of about 100, 000, 000 
tons a year in 1917, but in recent years production has averaged about 
50,009,000 tons, of which somewhat over half comes from this Northern field, 
The operations of three of the largest vroducing organizations in the State 
are almost wholly included in this field, as well as about half of the opera~ 
tions of two others of the six largest producers, It comprises the first 14 
of the 25 numerically designated anthracite State inspection districts. 


Although a very considerable nvmber of independent operations is 
also involved, the bulk of production comes from the large collieries of the 
main~line organizations end largely from the southern and most gassy part of 
the field, which grades from practically nongassy in the northern part to 
Slightly gassy throughout the central (Scranton-Pittston) area and to very 


gassy from Wilies~Barre south, 


V the Bureau of Mines will welcome reprinting of this paper, provided the 


following footnote acknowledrment is used: "Reprinted from U. S. Bureau of 


| Mines Information Circular No. 6965." 
e/ Sapervising engineer, Mine Ventilation Section, Mining Division, U. S. 


Bureau of Mines. 
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The three largest collieries produce an average of 5,000 to 6,500 
tons a day with 1,600 to 1,800 employees underground on one or two shifts, 
end require a million or more cubic feet of ventilating air per minute each, 
or the equivalent of somewhat more than 9 tons of air per day per ton (2,20 
pounds) of coal produced. The average large colliery produces 2,500 to 4,000 
tons a dey and requires four to five hundred thousand c.f.m. to ventilate it. 


The latest statistics on fan performances published by the State 
inspection department are for 1929-30. From these and the data on separate 
groups for 1933-34 it is estimated that fans circulating more than 25,000,000 
cef.m. are operating continuously and that the yearly cost of ventilation is 
something like $3,500,000. The nagnitude of the ventilation problem in this 
field is apparent, therefore, and represents more air mechanically handled 
than for all of the metal mines of the United States, Canada, and Mexico com- 
bined. 


Production of methane varies from about 10 cubic feet per day per 
ton of average daily production for the nongassy operations to a maximum of 
1,600 for a very gassy operation and to a maximum of 6,500,000 cubic feet per 
24 hours for one of the largest gassy collieries. 


ACKNOWLEDGMENTS 


The author wishes to acknowledge the many courtesies extended to 
hin by mining officials during his stay in the field and, particularly, 
assistance in the preparation of certain of the drawings that appear in this 
report. 


MINING CONDITIONS 
Coel Beds 


The coal measures of the Northern field include a series of 5 to 
15 roughly parallel beds of minable anthracite coal of variable thickness 
underlying broad valleys flanked on each side by low hills. The beds forn 
undulating troughs, with dips roughly normal to the northeast-southwest axes 
of the valleys, and for the most part outcrop either close to or on the 
flanks of the adjoining hills. From Pittston south to Nanticoke, operations 
are in the Wyoming Valley, roughly 3 miles wide, through which the North 
Branch of the Susquehanna River flows in a general southwesterly direction, 
and in which there is also a"buried valley'of water-filled sand and gravel 
paralleling the river on tne north side. North of Pittston operations are 
in the Lackawanna Valley, which has a maximum width of 6 miles and through 
which the Lackawanna River flows. South of Nanticoke the field cuts across 4 
bend in the river and occupies low hills east of it. 


Although the beds have variable dips, from flat to vertical, and 
are folded and faulted to a considerable degree, both the average dip and the 
degree of folding and faulting increase rather uniformly from north to south, 
as do the number of beds and their average depth also. The zeneral tendency 
ig for the troughs or basins to dip at low anzles to the southwest parallel % 
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the major axis. Typical sections aeross the measures in the northern and 
central parts of the field are shown in figure 1 and in the southern part in 


figure 2. 


The interval between seams ran-cs from a few feet to a maximum of 
about 20Q feet and is occupied for the most part by gray sandstone, which 
makes a good roof and floor in undisturbed areas. Two seams hnve a fireclay 
roof from 2 to 15 feet thick, and occasional areas of shale roof are en- 


countered. 


Oveninss 


The onernations are relatively shallow, that is, largely within 1,000 
feet of the surface. In a few places cperations ncw extend as low as 1,600 
feet below the surface and considerable future mining at and below this depth 
will be required. Surface elevations in the valleys, where most of the open- 
ings are renge from 500 to 1,600 feet above sea level, with outcrop openings 


on the hills up to 500 feet higher. 


Although many surface slopes, drifts, and tunnels are operated, the 
bulk of production is obtained from vertical shafts cenerally near the main 
basins or low-lying coal ereas. Most of the operating shafts have four compart- 
ments ~ two hoisting compartments, a separate but adjoining air compartment 
used aS an uncast airway, and a combination manway and pipe compartment. 

Some Shafts at the largest collieries have six compartments, which include 
two pairs of hoisting compartments that operate on separate beds. 


Although cutlying eir shafts have been required for the satisfac~ 
tory ventilation of certain districts where oneratious on a number of seams 
extend distances of over 2 miles from operating openings, their number is 
Comparatively few and their deoth very limited. Surface opvenings in general 
are concentrated in a small area at eacn colliery. 


Development 


The various beds have been developed by double-entry levels, or 
‘lifts} usually following the contours, at intervals of 200 to 300 feet along 
the dip, off surface shafts and slopes or off inside slopes, planes, and 
cross-measure tunnels. Most of the slopes and planes, originally driven 
double-entry, have teen paralleled with chambers on each side, which now 
Serve as return airways thus corresponding to a four-entry system of develop-~ 
ment in present ventilation systems. Few cross-measure tunnels have been re- 
quired in the central and northern parts of the field except to facilitate 
haulage, and these have been driven single-entry usually in territory already 
Completely developed and with ventilation established. In the southern part, 
many are required in developing new territory. Formerly these were driven as 
Single openings but now they are advanced in pairs, one for haulage and in- 
take air and the other, about 100 feet distant and 25 to 30 feet higher, for 
return air. 
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In addition to the cross—-measure tunnels that interconnect the 
seams for haulage and ventilation, cross~-measure rock planes, or “rock holes", 
are occasionally driven from sean to seam, usually on an angle of about 45° 
across the measures, for ventilation in the vicinity of faults, rolls and 
overlaps and to eliminate lon; return airways, particularly those in partly 
caved territory. In recent years an increasing number of cross~measure open- 
ings have been driven in the soutrern collierics to serve as main return 
airways. 


Mining Methods 
> ee 6 8 oe ee - ee -- - ee ee eee 


The coal has been and is being mined almost entirely by advancing 
chamber-and-pillar and breast-anc-pillar methods, with wide columnized"re- 
serve’ pillars at resular intervals of 600 to 1,0CO feet in the newer workings. 
Pillars are mined as a seperate cperation, retreating from boundary pillars, 
outcrops, and tops of arnticlines. Over large areas the pillars are required 
for support of the overlying seams and surface and cannot be economically re- 
covered immediately followins chamber and breast or'first mining. 


A few sections on thin teds on light nitches are being mined by re 
treating methods - botn chamoerand~pillar and short~face longwall. The lat- 
ter method has been confined to pitches less than 6°. Development is essenti- 
ally the same for retreating as for advancing operations, except that a par 
of chambers is driven up at regular intervals between lifts for ventilation 
while the lateral development openings are being driven to their vredetermined 
limits. 


Except in parts of the southern end of the field, where the physical 
conditions of the deposits have delayed develovment, the thicker beds have 
been first-mined, and present operations consist mainly in extracting the pil- 
lars left by clder operations, often in "squeezed ground, and the first mining 
of beds less than 4 fect thick. 


Details of mining operations and nomenclature vary mainly wita the 
degree of the dip. Where the dip is less than about 12° the operations are 
termed “flat! workings and the coal is mined in“chambers'’, Operations on greater 
dips are termed pitcH! workings and the coal is mined in"breasts. In flat work 
ings, the lower opening of tne pair of development openings is termed the bi T- 
way' and the upper opening the 'gangway', Theso are connected at close inter 
vals by ‘crosscutd'~ openings driven directly up the pitch — and at relatively 
long intervals by slant crosscuts or “sectiong'— openings driven on a slant 
across the pitch for haulage. Haulage is generally on the gangway only, bu! 
occasionally on both gangway and airway. In some very gassy onerations only 
gathering haulage inby the last "sectiorl is on the gangway and main-line haul- 
age is on the intake airway. In pitch workings all haulage is on the lower 
opening or 'gangway ," from which narrow openings or 'chuted’ extend directly uP 
the pitch on the center lines of the breasts. These are connected by 'bhute 
headings to form an airway parallel to the gansway. 
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Chambers and breasts are driven full width directly uy the dip from 
the upner opening on 4O-~ to 109-foot centers and 20 to 39 feet wide, the 
exact distances being determined mainly by the denth bclow surface and only 
occasionally by local conditions. Chambers and breasts are driven approxi-~ 
mately up to but not through to the lower opening of the lift above. Con- 
nections between lifts are driven only as reouired for ventilation. Dis- 
tances between lifts along the dip average about 500 feet in flat workings 
and about 200 feet in pitch workings. Occasionally, chambers or breasts 
are driven up opposite dips from both sangway and airway in a local basin, 
but these are always made separate operations, one being completed before 
the other is started. Chambers are connected at close intervals by cross- 
cuts and breasts by headings -— horizontal openings driven through the pil~ 
lars. These two terms are interchangeable througnout the field, the for-~ 
mer generally being used where flat workings predominate and the latter 
where pitch workings predominate. 


Although mechanical mining with conveyors, shalzer chutes, and 
scrapers is being used to a rapidly increasing extent in flat workings on 
the thinner seams, hand loading into cars at the face of tne chamber or pil- 
lar is the general practice. On pitches of 12° to about 20", sheet-iron 
plates and sheet-iron chutes are used to convey the coal to the gangway, 
where it is loaded into the car from a platform installed in the chute. 
mere the pitch is over 30°, the chute opening is equipped with a storage 
pocket with a draw—chute at the gangwey. Unless the pitch is more than 
about 50°, the coal is allowed to fall down through the breest, the fall 
being retarded as required by cross-timbers or"batteries." Where the pitch 
exceeds about 50°, the coal is stored as broken in a lagged~off section or 
‘tox"carried up in the center of the breast. In this “box-pitch" method the 
excess coal falls down through narrow manway openings carried up along each 
side of the box. The box remains full and provides a footing for the miners 
at the working face until the breast has been driven up to its limit; later, 
the loose coal is drawn from the full box into the chute pocket at the gang~ 
way and is loaded into cars from a draw-chute. 


Pillars are mined by taxing successive slices or"skips"off the 
upper end and allowing the roof to cave. In flat workings, a narrow road- 
Way is cleaned up along one side of the pillar, or, in caved areas, a road- 
Way 1s provided by taking up a narrow slice along the rib. Skips are taken 
diagonally across the width, with the roof temporarily supported by props 
and timber cogs as required. Where such support fails and the roof caves 
against the pillar face, a narrow opening or'split,’ about 6 to 10 feet wide, 
is driven diaconally through the pillar a short distance from the face. The 
Stump pillar thus formed is recovered by successive skips starting from the 
upper side of the split. In mining pillars on the lighter pitches, similar 
methods are used in conjunction with a sheet~iron slide or chute along one 
rib. On the heavier pitches, the same procedure is followed where feasible, 
but more commonly a narrow opening or"split' is driven from the ganeway up 
through the center of the pillar, and the coal is mined by successive diago-~ 
nal skips off the top on both sides of the split, the coal falling down the 


Split to the gangway. 
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In collieries that have flat workings on thick seams, large areas 
have been 'silted', or filled with culm by hydraulic methods, but as yet 
there have been few instances of pillar extraction in such sections. 


Operations are mainly on an open-light basis in the northern and 
central areas of the field, in that very little gas is encountered in the 
northern part and in the central part operations have been so extended that 
the beds have been nearly drained of gas. However, certain beds ina 
number of these collieries are on a closed-light basis, as are practically 
all of the southern collieries. In these, approved types of electric cap 
lamps are used for illumination and approved types of flame safety lamps are 
used for testing for gas. In some of the open-light operations, the miners 
are provided with approved tynes of flame safety lamms for testing for gas, 
and in these sections there is the same fire-boss inspection as in closed 
light sections. 


Main~line haulage underground is by trolley locomotives. Gathering 
haulage is mainly by cable-reel and storage battery locomotives. Mule haul- 
age is being eliminatcd gradually. | 


Except in the longwall operations and some chamber mining in thin 
seams where the coal is undercut by machines, the coal is blasted off the 
solid by means of black powder, pellet powder, or permissible explosives. 
Single-shot blasting is used in hand mininz, and multiple-shot blasting, with 
a maximum of le shots per blast, in mechanical mining. Most cf the firing is 
done with electric blasting batteries, although in a few sections the older 
methods still prevail. 


VENTILATION METHODS 


Carefully supervised distribution systems for maintaining proper 
yentilation are required for the dilution and removal of powder smoke in all 
operations and for the prevention of accumulations of methane in many. Er 
cept in the southern part of the field, few places that are very gassy are 
encountered in present operations, but the possibility of a dangerous accumr 
lation is always present in certain beds and ample continuous ventilation is 
required. In the gassy southern collieries every precaution is required 
during chamber and breast mining to prevent short~circuits of the ventilating 
currents, as most places rapidly fill with gas when the air supply is cut 
off or diminished considerably. All openings are ventilated 24 hours a day. 


Although beds in which first-mining has been completed have beccme 
relatively free from gas, particularly those near the surface, nevertheless 
a rigid control of ventilating currents is required during pillar-mining 
operations, as gas is often liberated unexpectedly in these workings. Where 
the mining is in caved areas the attainment of this object is difficult. 
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Distribution Systens 


The general method of ventilating is by exhaust fans installed on 
the surface. Most of them are at or close to the operatins shafts and slopes 
and exhaust from tn® separate upcast comoartment or tne sharts, an uncast 
slope airwey, or a senarate upcast eis suaft. A few are installed at out- 
lying upcast air snufts. The intake air enters tnrough the hoisting conm- 
partments of shaits and haulag2 slopes and tunnels, supvienented by a few 
cutlying outcrop c»nenings and shallow air shafts. All hoisting and main 
haulage is on intaxe air currents that nave not prssed through active work- 
ing places. 


A general method of coursed ascerSional distribution is followed; 
intake air is coursed directly from tne surface to active development faces, 
then passes up throush active chambers or breasts and across tne highest 
elevations of first-mined sections to the main returas, tnrougsh which it 
ascends to surfuce. Sectionnl returns, particularly in the case of workings 
crf tunnels ard planes, must often be downcasted short distances to main re- 
turns. First-mined territories that ere ventilated with the returns from 
active sections are so extensive that large quantities of air are required, 
for which separate return airways must be provided in mary cases. To an in- 
creasing extent these are tains the form of inclined rock planes driven up 
across the measures 2t abcut richt angles to the dip to upper seams, and 
provide main returns that eliminate much of the necessity for downcasting re- 
turn currents as well as shortening tne distences traveled. 


In some of the older operations the intaxe air is coursed through 
inactive workings ard hizher elevations on the wa; to active workings, through 
which it descends to development faces and returns tnrough the lower develop- 
ment opening. With tne general introduction of e.ectric haulage, this method 
is being discarded gradually, when this can be done economically. Although 
there is the advantege of a small consumption of power in the new method of 
ascensional local ventilation, the cnief advantares are the lower gas con- 
tent of the air supply to active faces, greater safety, and fastcr haulage 
due to the fact that fewer doors ard attendants are required. 


The number of lifts or separat?2 working sections on a svlit depends 
largely on gas conditions and convenience, in addition to the necessity of 
keeping the number cf men employed within the lezol limit.of 75. Almost in- 
variably gassy sections are on separate splits. Pillar-mining sections al- 
M98t invariably are on splits that are separate from first~mining sections, 
Where conditions prevent such a layout, the air is coursed through the first~ 
mining section end then through the pillar-minins operation, as experience 
has shown that the breaking of the roof following pillar-—mining sometimes 
liberates g2s in sections that were free from it in first-mining operations. 


Major Outlines of Distribution Systems 
fost large collieries have two or more separate ventilation systems, 


usually with the division between grouns of beds. An attempt is made to pro- 
vide a separately ventilated district or group of beds for each mine foreman, 
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so that each has entire control of the ventilation in his own section. 0c- 
casionally, as a matter of necessity, an outlying section of one colliery 
is ventilated by a solit of air coursed from an adjoining colliery. 


On account of the extent of the workings at most of the collieries 
and the number of interconnected beds, complete outlines of the ventilation 
systems can hardly be shown to advantage by small-scale mans or diagrams. 
Typical diagrammatic ventilation maps for single beds are shown in figures 
3, 4, and 5; figure 3 shows oldcr vorkings in an irregularly contoured bed, 
figure 4 more recent operations in a more uniformly contoured bed, and 
figure 5 recent operetions on 1 relatively uniformly contoured trough. 
Hach large colliery has a dozen cr more major air splits and from 30 to 
150 minor splits. 


Minor Outlines of Distribution Systems 


Except in caved or crushed territory, where the details mst be a- 
justed to the conditions obtaining, well-defined methods of coursing the 
air through the active and inactive workings are in use. In the relatively 
flat and nongassy beds of the central and northern parts of the field, the 
methods closely resemble those used in bituminous mines. The intake air 
comes in the airway, is coursed around deveiopment faces by line brattice, 
and tnen through the active chambers in series through the last or open 
crosscuts and connections between lifts to inactive workings, through whicn 
it is coursed or broadcast to the returns. Generally adopted methods are 
as shown in figures 4 and 6. Where conditions as to pitch or gas require 
it, additional check doors are erected on the gangway, or the chamber en- 
trances may be closed by brattice doors or curtains, and occasionally line 
brattice is used for both chamber and longvall faces. In places the gob is 
so disposed as to provide openings similar to those provided by line brat- 
tice, and a few curtains suitably disposed hold the air to the faces. The 
slant openings or ‘sections’ from gangway to airway are used only for haulage 
from the airway development and are walled off as they become inoverative. 
Although the gangways used for haulage are shut off by airlock doors, the 
leakage is sufficient to ventilate them with intake air. 


In low coal, the two end crosscuts between gangway and airway or 
through chamber pillars are often left open, with the line brattice (if 
any is used) extending from the second last crosscut, in order not to ‘choke’ 
the air current. For the same reason the dry~wall stoppings in the cross- 
cuts near the development faces are not made tight by plastering, as con- 
siderable leakage across the gangway and up through the chambers is desired 
in the section that is active. 


In the southern part of the field the beds are gassy and on moderde 
to steep pitches, and detailed coursing of the air currents to all working 
faces is required. line brattices are carried to all faces, inactive 
chambers are closed off near the gangway with wall stoppings or board brat- 
tices, and active chambers with brattice doors or canvas checks reinforced 
with occasional check doors or curtains on the gangway. In mechanical sys 
tems, where the gangway is not in use for car haulage, brattices are erected 
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Figure 8.- Sketch plan showing method of ventilating slope workings and development. 


— Original from 
Digitized by g 
ical : Google THE OHIO STATE UNIVERSITY 


1.C. 6965 


on the gangway between chambers rather than across the chamber. In many of 
the most gassy operetions, however, the main haulage is carricd on the air- 
way or lower opening, and the distribution in active ends is as shown in 
figure 7 Aw As the faces advance, the slant havlarge ovenings between air~ 
way and ganagway, or'cut-offd', become inoperative and are walled off. A cer- 
tain amount of alr must be allowed to leak or'screen across the lower parts © 
ef the chambers and through closed-off sections of the gangwoays to keep them 
clear of gas accumulations. The amount required is small, but the acturl 
leakage sometimes becomes so excessive that the ventilation of active face 
sections is dangerously reduced. Such a condition is usually remedied by 
tightening up a lire or two of the bratticea stoppinzs in the nillar headings; 
occasionally it is necessary to"run up a tid, that is, to replace a line of 
wooden brattice stopnings in one pillar with a line of tight~wall stoppings. 
The generally adopted method of distribution in gassy'mitch'workings 
is quite similar and is skatched in figure 7 B. Air splits to pitch sections 


are usually smaller in volume and under higher pressure thnn those in flat 


sections. Here the haulage is on the lower road or"gangway'only. The stop- 


pings in the chute headings are wall stoppings but cannot be made entirely 
tight as long as the breast is active, since openings must be maintained for 
passage. of coal. and men. The necessary openings are made as small as possible 
and are covered with canvas flaps or closed by trapdoors. As soon as a breast 
is completed, the openings in the chute stopping are walled up so that a maxi- 
mim flow can be maintained across the active working faces. 


As the pitch increases, more attention is devoted to making the 
brattice stopnings tight in the pillar headings between breasts. In "box 
pitcH breasts, where a narrow manway is carried up on both sides of a lagged~ 
off central section of the breast and excess coal falls down these manways, 
it is very essential to keep the manways clear of obstructions at all times, 
as an obstruction above the last heading shuts off the air supply to the face 
and one below it may result in a gas accumulation below the obstruction. 


of distribution in gassy pitch workings off a 
Bach active lift on each side, as well as the 
separate split, and inactive lifts are ventilated 


The general method 
Slope is shown in figure &. 


bottom development, is ona 
by the returns from the active sections. Each pillar-mining section is also 


on a separate split. In all initial development work, such as extending the 
Slope an additional lift, the major requirement is that no active production 
be attempted or allowed until all of the openings required for ventilation 
have been driven and connected, all control features have been installed, 

and all potential hazards from doors and temmorary brattice stopnings have 
been removed or reduced to a minimum. Where potential hazards may exist due 
to special conditions during the development period, it is customary to dele-~ 
gate a watchman to insure positive control of the air currents at all times. - 


Practically the same method of development is required for workings 
Off planes as for those off slopes, except that the development proceeds up 
the dip instead of down. Although the local ventilation is ascensional in 
such workings, the main returns must often be brought back down the dip to 
6xisting return airway connections, at least until such time as return con~ 


hections can be had at the higher elevations. 
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The common method of doveloving an adjacent gassy bed by rock tur. 
nels is indicated in figure 9. Here, again, the mejor requirement is that 
the openings required for ventilation te completely connected and all con- 
trol features installed before opening the bed for production. The exact 
details of precedure very somewhat with existing conditions, perticularly 
with the desree of the din, relative closeness of beds, and extent of the 
territory opened; three stages are shown for the conditions selected. 


The generally adopted method of developing new territory off naral- 
lel rock tunnels that intersect a number of pitching teds is indicated ‘in 
fierre 10, xy driving one tunnel at a higher elevation than the other, 
natural overcests are formed at the intersections with the beds and one 
‘very expensive feature of distridution control is eliminated, 


A variation of the method shown in fieure 10 is that sketched in 
*iszure il as anolying to beds close together. iiere, short rock »lanes or 
rovi- noles' are criven to conrect the beds and serve as return airwazs. 


fhe general method of ventilatiug moderately gatsy pillar~mining 
cperations is indicated in the upper part of figure @. Eometimes tho brat- 
tice stoppinss placed in tno headings during chamber or breast mining are 
in fair condition and sarve to lreep the alr currents sweeping th3 working 
faces, but generally the brattice sto;pings are rotted away and it is neces 
sary %© carry up a now lins or ‘tid! of bruttices avcut evety tboird pillar to 
keop the air currents swezping tne faces. In nongass;7 onpcrations the air 
curreuts are merely"broadcast"through the pillaremining area. 


f11 electrical installations, such as pump motors, hoist motors, 
generators, transformers, and battery-charvirg stations, are placed on or 
adjacent to intake airways. These are ventilated vy a senarate small split 
going direct to a revurn a2irway, while some, particularly those on main in- 
take airwa's, have svecial provisions for quickly short~circuiting a large 
flow througn the installation to « return airwey in case of fire. 


Fan Installations 


With few exceptions, the fans are large centrifugal types installa 
on the surface which exhaust without having reversing arrangements, Above 
Wilker-Barze a large majority are late type Guiodals instal?2d prior to 1970, 
wherees at and below Wilkes-Barre the majority are forward—curvea miltiblade 
fans installed since that date and, in many cases, wnitu replace olc Guibas. 
There are a few old disk-fan installations and a nuaber of very recent pro 
peller installations, both single~ and dousle-stigs. While most of the 
operating Guibals are late types 20 to 35 feet in diameter with double in 
lets, full-scrcil and backward-curved tips on backwrard-sloping blades, some 
few are single-inlet type, and many installatiozs now used only in emerges 
cies, as well as some that are operated continuously, are 40 to 50 years 
old aud represent very early types. One particularly interesting type, of 
which there are at least three still standing, is the Schaar Double! Guibal: 
eonsisting of two Guibals of conventional douLle-inlet type mounted about 8 
feet apart on a common shaft with a pulley, for belt drive, centered betweer 
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Figure 10.- Sketch showing method of ventilating development 
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The transition from Guibals to shallow-curved—bladed multi- 
vanes was apparently quite abrupt, occurring during the period 1910-191e, 
and few transition types are found in this field. There is but one 
Capell installation to the author's knowledge. However, there are a 
dozen or more deep-bladed, forward- and backward~curved, 16-blade fans in- 
stalled from 1895 on. These were made locally by manufacturers of Guibal 
fans and are locally classed as Guibals. 


All of the multiblade types have forward-curved blades and, with 
relatively few exceptions, are stepped=-blade types, the older ones being 
mostly Vulcan fans and the later ones Jeffrey fans. All of the recently 
installed propeller fans are Jeffrey Aerovanes, about evenly divided be- 
tween Single-stage and double-stage designs. 


Most of the fans are grouped close to operating openings and 
have attendants who may or may not have other duties to perform nearby. 
Fans that do not have assigned attendants are equipped with a signaling 
device to attract the attention of designated employees at fixed points 
of duty in the vicinity whenever the fans cease to operate. 


Although most of the older fans were originally steam—driven, 
many have been converted to electric drive for"stand—by" service in emer-~ 
gencies and to permit the closing of steam plants during idle periods. 
During working periods, steam drive is generally used for main fans at the 
large collieries and electric drive only for outlying installations and 
Small operations. At certain collieries, arrangements have been made to 
operate steam-driven fans by electrically~generated compressed air, there-— 
by permitting steam plants to be shut down during inactive periods. In 
the northern and central parts of the field, stand-by protection is af- 
forded mainly by duplicate steam-drive arrangements or by having both 
Steam and electric drive available. At many collieries there are under- 
ground facilities for combining distribution systems in emergencies. 


In the southern and more gassy part of the field, arrangements 
for stand-by protection are made at practically all fan installations by 
having at least one steam-driven and one electricity—driven fan, or both 
Steam and compressed-air drive for one fan of a duplicate steam—driven 
unit. At many places, fans are installed in"nests'of three or four and 
Operate normally on two or three separate circuits, but with the separate 
Circuits interconnected with door-controlled ducts so as to allow a con 
8iderable degree of flexibility in the method of operation of individual 
fans in case of emergency. Such installations, as shown in figures 12, 

13, and 14, have maximum flexibility for both normal and emergency service 
at minimum expense for stand-by equipment. In most installations at other 
shafts and slopes in this part of the field there are both a steam-driven 
and an electricity-driven fan set either parallel or at right angles to 
each other and operated from a common fan house. 
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A late tyne of layout for outlying fans is represented in figure 15, 
In this installation stand-by service is provided by a fasoline-engine- 
driven fan automatically interconnected with the motor-driven fan, so that 
Whenever one stops the other automatically starts. In a somewhat similar 
installation at anotner colliery the main fan is motor-driven and the stand- 
by fan is also motor-driven, but the latter is operated by a direct-current 
generator set driven by a gasoline engine, which automatically starts when 
the main fan stops. | 


Fan Performurnces 


Most of the fans now in use were installed years ago when very 
little technical data on fan performance were available, and few changes 
have been made in recent years. Fan types and sizes were selectcd largely 
on a basis: of previous personal. experiences and probable future conditions 
of extension of operations over a long neriod of years. Attention has deen 
concentrated mainly on changing the distribution to cope with changes in 
operating corditions. In most of the field ventilation requirements have 
decreased gradually over a period of years and most of the fans are now 
much too large for the service demanded of them, and thus operate at effi- 
ciencies considerably under their maximums, which in most cases are low by 
present-lay standards. Conditions in the northern and central part of the 
field ar*> such that little consideration has been given to the replacement 
of such fans by others smaller and more efficient, but this subject is re- 
ceiving attention in the southern part of the field, where operations have 
a longer provable life and ventilating conditions are more onerous. 


The main fans handle large volumes at low pressure, generally be~ 
low 3 inch 'water-gagé' or static pressure at the fan inlet. Variations in 
performance ordinarily are measured by water~gage observations and sum 
mations of underground air measurements based on anemometer readings made 
in the center of airways only and uncorrected and therefore much higher 
than actual quantities. More accurate measurements are obtained only at 
long intervals, usually when some major change is contemplated. The mine 
law requires a recording pressure gage at all fans, but many fans in the 
southern part of the field are also equippved with a stationary indicating 
U-tube pressure gage for checking the recorder. 


In the northern and central parts of tue field, the equivalent éri- 
fices of the fan circulations generally range from 20 to 50 square fect, 
whereas in the southern part the general renge is between 40 and 70 square 
feet. The maximum noted was 112 square feet ~ 415,000 c.f.m. at 2.2 inches 
pressure. The corresponding ranges of resistance factors ~ pressure re- 
quired for a flow of 100,000 c.f.m. ~ are 4.0 to 0.64 and 1.0 to 0.33, res- 
pectively, for the two areas, and that corresponding to the above-mentioned 
maximum is pur 0.13. 


In general, average quantities handled per fan are considerably — 
larger in the southern part of the field than elsewhere, and the pressures 
also average somewhat higher. Maximum pressures are about 3.5 inches water 
and maximum quantities about 400,000 c.f.m. 
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Averace quantities circulated per man emvloyed uncerzground range 
from the legal minimum of 200 to about 400 c.f.m. in the northern and cen~ 
trel areas and 4OO to 609 c.f.m. in the southern areas. Corresponding fi- 
cures for these two divisions of the field, in terus of tons of air circu- 
lated daily per ton of averafe daily rnroduction, are about 5.9 to 7.5 for 
the former and 6 to 11.5 for the latter. Since the fans cre onernted con- 
tinuously during periods when the collieries are idle, and 2t many totally 
inactive collieries, the actual total tons of air handled are probably 
dcuble these fizur2s on the averaze. 


Use of Fan-Tubing Auxiliary Units 


Fan-tubing units are used only to a very limited extent at a few 
nongassy collieries for ventilating dead ends, particularly rock tunnels, 
Slope extensions, and develonment openines for special conditions with 
mechanical mining systems, such as scraver operations in low coal mined 
through short "rock holed! from ganeveys on an adjacent bed. An assortment of 
units is used, but all are forward-—curved-blade, direct- driven, centrifugal 
fans. Most of the tubing is 12-inch canvas, although some 16-inch canvas 
and some spiral-riveted ircn pine has been used for long rock tunnels. 

There were probably not more than 59 units in the whole ‘field in 193+, 


Conditions end Dinensions of Airways 


Main airvays averuse 7 feet high by le feet wide throughout the field, 
including the downcast compartments of shafts. The latter are lined with 
timber sets, usually on 5—-foot centers. Few of the slones, planes, rock 
tunnels, or lateral Zangueys require timber, except in caved ground, where 
Somewhat smaller openings are used in conjunction with mechanical systems of 
mining. The upcast conpaeereats of the shafts ranse from 10 feet by 12 feet 
to l2 feet by 14 feet in the northern and central parts to 12 by 14 to 14 by 
18 in the southern part; they are generally unlined, except through the sur 
face soil, and are separated from the downcast compartments by concrete, brick, 
tile, or wood walls. Seonrate airshafts have the same size range and are 
generally unlined, except through the surface soil. <A number of the more re- 
cent airshafts are concrete-lincd, circular, and 16 to 21 feet in diamcter, 


With the use of mechanical systems of mining it is not necessary to 
take up any rock for airwoys and for parts of some gangways in thin beds. 
Such Openings are driven somewhat wider than thoss of normal height and 
usually have a cross-sectional aren sreater than 50 square feet. 


Crosscuts usu2lly are 10 to le feet and headings 8 to 10 feet wide 
ond the height of the bed. Where the roof is poor, they may te driven nar- 
‘ower and the last two left open for ventilation, as is also done frequently 
in the case of low coal. Bxcent where they are holed through to the lift 
above, the faces of Completed chambers and trensts are connected in order to 
avoid dead-ended openings in which gas might accumulate. ‘There this practice 
is impracticable, several holes are drilled to openings above. 
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The flow of sir currents throush the small openings in back of line 
brattices at development feces is relatively restricted, since the openings 
range from 10 to 20 squrre feet only in crosssesectional area. One or more 
of the stoppings in the vicinity of development faces are therefore not made 
tight, so that the leak:iyze through them will augment the quantity going to 
the chamber faces, where larger quantities are required. 


Rock planes or 'rock holes, senerally about 7 by le feet, frequently 
are used to connect airways across faults, rolls, and overlaps, and to pass 
air currents from one bed to another in order to pass locelly caved or un 
worked areas or to shorten the lensth of travel of return air currents. 


Ventilation Practices 


Experience has shown that a relatively large flow of air sweeping 
active faces is required for good ventilation, even in so-called nongassy 
beds, and that to secure such a flow = from 5,000 to 15,000 cubic feet per 
minute ~ an elaoorate system of control features, such as stoppings, doors, 
air bridges, regulators, and deflector brattices, is required, and that the 
major control features mist ve of substantial construction and reasonably 
air-tight. On the other hand, a small flow of air is required through all 
openings to prevent local gas accumulations, and controlied leakage is 
therefore an important part of each distribution system, accomplished 
largely by accommodating the details of construction of control features 
to the duty required of tnem. In gessy beds, even wall stovpings, erected 
primarily for airmtightness, mst be provided with a small opening at tne 
top to prevent the accumulation of gas against the top of the stopping and 
to allow a small amount of air to "screen" through walled-off openings. 


Stoppings 


‘Wall’ stoppinges, that is, stopnings designed to be as nearly aim 
tight as possible, are generally dry-wall gob stonppings faced with plaster 
throughout the older operations and concrete in the newer operations. 
Opinions differ as to which is the cheaper but the former are undoubtedly 
less of a handicap to later pillaremining operations while the latter moke 
a mich more effective stopping. The gob stoppings are 3 feet to & feet wide 
and of double masonry dry walls filled in with fines. The thinner walls are 
now preferred as being sufficiently effective and more easily handled in 
pillar-mining operations than thicker walls. Stoppings on important airways 
sometimes have one or both walls laid up in lime-sand~cement mortar, but the 
large majority ere merely plastered with the mortar on the inteke side. Where 
sufficient gob is not available, and throughout the operations of certain 
companies, wall stoppings are built of plain concrete. As preparation, these 
require only the cleaning of the surfaces affected, and no hitches are made 
in ribs or floor. Forms of inch boards are nailed to two rows of small- 
diameter posts to provide for an 8 to 10 inch wall. Materials are mixed in 
a small box at each job. A 1-2-3 or 1-2-5 mix is used depending on the pe 
manence of the stopping. In some places, cinder aggregate is used in place 
of mine rock aggregate. No woodwork is incorporated in concrete stoppings: 
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as exnerience has shown that it rots and causes both weakness and air leak 
AZC» 


Wall stoppings are vclaced in far enough from nillar corners so that 
sloughing or chivpins off of the nillnar will rot affect the wall. Settling 
of the wall usually provides sufficient draineze opening at the top of the 
stoojving to prevent gas from accumulatics in the small dend end below the 
stooping. 


Where tightness is not necess»ry, as in chamber crosscuts and breast 
neadirgs, unplastered=wall stoppings ususlly are erected where plenty of suit- 
able gob rock is handy. Otheriise, a'‘bratticd' stooping of l» by 12-inch 
rough hemlock boards nailed to small-diameter posts or wood rails (3- by 5- 
inch) is generelly used. Holes nlong the roof and ribs sre patched with 
short pieces shaped with a hatchet. FEratticemen become very proficient and 
make such stoopings reasonably tight with few tools and with little effort or 
waste of time. 


hen it is desired to reduce leakeze to a minimim at an erected brat 
tice stopping, brettice cloth is usually used to cover the small openings, 
the cracks between doards nre cleated, and sometimes feather-edzed boards are 
driven against the roof and ribs and then nailed in place. However, none of 
these methods are very effective end no attemmt is made to use brattice stop- 
pings in places that require will stopoings. 


Canvas orattices sre used ocensionally for crosscut brattices in 
places in nongassy onerntions. 


Line Brattices 


Wooden line brattices are used wherever practicable for deflecting 
air currents so that they sweep active working faces, both in development 
and chamber openings. They are constructed of random lengths (up to 16 feet) 
and widths (up to 12 inches) of l-inch rough hemlock boards nailed to small- 
diameter posts or wood rails (3 by 5 inches) and to each other. They are 
overlapped, so that no sawing to length is required, and are put on from the 
most convenient side, usually the wide side, of the working place. In 
heavily timbered openings, wooden-box conduits sometimes take the place of 
line brattices. 


In low beds, where cars are used in chamters, the track is carried 
along one side of the chamber and the god is piled tight to the roof so as to 
leave a narrow opening along the opposite rib. This opening is termed a 'tundy, 
Said to be a contraction of conduit. Canvas checks across the road and the 
cundy’ just below the last open crosscut force the air to sweep the face. In 
Places, the check across the road is required only until the face is cleared 
after blasting. 


Brattice cloth of nonflammable, closely-woven burlap, usually termed 
Canvas', is used for temporary extensions of line brattices, up to 20 feet long, 
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for sactions of line brattice in scraper~loading places, wiere the scraper 
has to pass through the brattice, and for line brattice in places where ml- 
tiple shot-firing is practiced. Canvas line brattices usually are hung on 
nails cn top and bottom boards supported on posts or props. Canvas extensions 
are more generally bug on nails set in pegs driven into holes in the roof, 
Canvas brattice is usually ta’cen down for eech blast at an adjacent face. 


In long rock tunnels, concrete line brattices 4 to & inches thick 
end built similar to wall stonvings have proved effective, although they 
must be protected fron the effects of blasting concussions by pressure~re~ 
lense panels set in the wall at intervals of 20 to 30 feet. These are smil 
Opcnines, usually 1 by 3 foet, covered with a piece of trattice cloth slight- 
ly larger than the opening. The canves is nailed to the top of the opening 
and is weighted with a 2 by e inch crosc-cleat at the bottom. The cloths ere 
displaced by the blasting concussions, thus equalizirg the pressure on both 
sides of the wall, but immediately full back into place or, if displaced, can 
be replaced easily. The concrete brattice is carried to within cbout 40 feet 
of the face, and extensions toward the face are made with brattice cloth 
between blasting periods. In short rock tiinels, single 2-inch plank orate 
tices, or dovble plank brattices have proved sufficiently effective. 


Line trattices usualiy are carried un to witnin 30 feet of the face 
under ordinary conditions of Sas occurrence or for smoke removal only. In 
some places the gas conditions require that line brattices be kept as close 
as 10 feet to the face. Practically al]. line btrattices are erected as'tlor" 
brattices, that is, to carry air to the face through the narrow opening form 
ed by the brattice, even though a brattice door or check canvas across the 
track is required for certnin places, as at the fece of tne airway in figure 
7A and the face of the sangway in 73. Where the Coor or curtain, however, 
would add an element of dancer,"exhaust"brattices are used to eliminate tnis 
feature, as shown in the last chamber irby of fisure 7A and the corresponding 
breest of figure 7E£. 


Derlector Brettices 


Brattice stoppings are used in various ways for deflecting air 
currents to sweep local high spots and particular areas of gas accumulations. 
These sometimes take the form of doors across the lower part of the cross 
section of gangways, or"barroom doord!, or of stopnings of similar constriction 
across passages not use for haulage. In some places, where gas enters aloré 
one rib, a narrow brattice is erected from floor to roof ngainst the opposite 
rib to deflect a hither-velocity current nast the point of gas entry. Sinl- 
lar horizontal brattice deflectors are erected often across openings to keep 
the high areas above timbered sections cle:-r of gas, or such sections are 
filled in to give a more regular roof profile. Where gas tends to collect i: 
a cavity in the roof, the usual remedy is to run a small-diameter pipe frem 
the cavity to a nearcy return airway. 
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Doors 


_ Main doors are erected in groups of three, two to serve as an airlock 
and a third as a spare immediately available to take the place of a damaged 
door, In relatively flat workings many automatically operated doors are used, 
ralleoperated doors being standard and giving good service regardless of grade 
and other operating conditions. Some of the required airlocks are in slant 
cutoff crosseuts or"sections"between gangways and airways, where the space 
available is not sufficient for the installation of an air-lock of rail-operated 
doors. Where this condition exists, the second main door and the reserve door 
are placed in the gangway. Recent installations of electric motor~operated 
doors have met this situation effectively. These doors include a safety feature 
that provides for release of the operating mechanism if the door is bumped by 
a motor or car. Three colored lights indicate at all times whether the door 
is shut, opening, or open, and a separete hand-operated small door is included . 
in the same frame to provide for passage of men. A red~glass insert at motor 
headlight height gives adequate warning to men on the opposite side of the 
door of the approach of a tripe Practic2lly all main doors in operations on 
pitching beds, and the large majority in flat bed workings also, are hand | 
operated. In most collieries, all main-door airlocks have an attendant or 
doomboy, whereas in some the main airlocks are supplemented with additional or 
'check' doors, and extra brakemen on the motor crews open and close all doors 


for transportation. 


Automatic doors usually are set in a concrete frame. Other main doors 
are set in concrete frames or in masonry frames of gob rock laid up in lime~ 
sand-cement mortar, with the sides shaped roughly as semicircles about 3 feet | 
in diameter. The cap piece is usually made of two wooden rails spiked together, 
with the lower one cut out to provide a slot for the trolley wire where required. 


Doors are made of two plies of l= by le-inch hemlock nailed together, 
One ply is set vertical and the other horizontal, They are hung on a batter, 
provided partly by the frame and partly by offsetting the lower hinge, and are 
self-closing. The door is hung from posts, set in the frame, by strap hinges, 
1/2 to 3/8 by 2 inches and 5 feet or more in length. Common hinge stud designs 
are shown in figure 16. The doors average 6 by 9 feet, are somewhat irregularly” 
Shaped, as required by conditions, and are built in place. Air tightness is 
secured by 1 by 6 inch cleats nailed inside the frame at risht angles to the 
door, These are adjusted from time to time so that the door closes flush against 
their edges, Wooden sill blocks, which also act as stop blocks, extend between 
rails and from rails to frame. Extra tightness is obtained, where required, by 
nailing brattice cloth to the edges of the door, particularly along the bottom, 


‘ \ ; 

As a rule, doors have no counterweights or latches, but counterweights 

are sometimes placed on doors on inclined manway openings to facilitate opening 
‘hem, and occasionally double doors are installed for the same reason, 


Small trap doors are placed in wall stoppings at infrequent intervals 
to provide access to return airways and inactive workings, although an attempt 
18 made to keep their number to a minimum. They are substantially constructed 
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and average 2 by 3 feet. Various types are used ~ slide, vertically hinged, end 
horizontally hinged. Usually they are set so that they cannot de unintentionally 
left open, and in some thick gob stoppings are placed in pairs, at each end ofa 
small conduit exterding through the stopping, forming an airlock. 


Brattice Doors 


Brattice doors are used where tightness is not required nor desirale, 
These consist of a single ply of horizontal leinch boards held together by a 
'Z" brace, composed of horizontal boards, across the top and bottom joined by a 
diagonal bottoming on the hinge side, set in a similarly constructed post-aid- 
board frame across the opening. They are usad largely in line brattiices and 
oheck brattices and to close off chamber entrarces. 


Canvas curtains are used instead of brattice docrs only until the door 


can be conveniently placed, or in openings where a wooden door would not be 
practicable. 


Air Crossinzs 


Although natural air crossirgs are provided where feasible, and rock 
‘roles may often be driven to obviate the necessity for e crossing, a large 
number of air-crossing installations must be made notwithstanding efforts to keep 
their number to a minimum on account of the expense involved. Practically all 
are overcasts or'alr bridged! of very substantial construction, Many designs 
are in service, including some very old installations of heavy masonry constructia 
with arched tops. The usual design is concrete reinforced with scrap steel rails, 
as shown in figure 17. A design of concrete and H=-beam construction is now bei 
placed in service as standard construction for permanent locations by one of the 
large companies. A sectional, steel, liner-plate design used by another large 
company for temporary locations is shown in figure 18. Where a greater degree 
of permanence is desired, the plates are supported on longitudinal concrete 
copings. In ad@ition to lower cost, this design has the considerable advantage 
of almost complete salvage. Free areas for both air currents at an air bridge 
are made su.ficiently large for all present and probable future conditions, Dut 
are usually about the same or slightly larger than the adjacent airways. While 
it is general practice in flat workings to bank up the side walls for smooth flor 
donditions with the material shot down in enlarging, in pitch workirgs tne 
finterial is usually loaded out unless required for banking to provide a travel- 
ingway or to improve flow conditions at overcasts on"oped' splits only. 


Under special conditions of minor returns crossing large openings, CO" 
crete ducts erected on piers are sometimes used as overcasts. A few undercasts 
are in use, but only where special conditions demand this type of construction. 


Regulators | 


Regulators are erected, when required, near the return end of the split. 
Although many of the main regulators are iron slides in concrete stoppings, the 
nore general construction is a wooden Slide door in a wooden brattice. Minor 

tt 
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Figure 17.- Overcast air bridge constructed of reinforced concrete. 
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regulators are merely wooden trattices with a central opening, adjusted for 
size by nalling boards on, or removing them, as recuired. 


Regulator openings are used in many places for passage of officials in 
insbecting inactive workings and measuring air currents. Slide regulators are 
easily disturted unless locked whereas the hole-in-brattice type is rarely dis- 
turbed except by blasting concussions. Where the required degree of regulation 
would result in an opening in the fixed~opening type that would be too small 
for man passage two are sometimes used in series in airlock fashion so that © 
the sizes of the openings may be made larger for the same required degree of 
regulation or pressure loss. 


Practice in Preventing Gas Accumulations 


Precautions are taken to prevent the accumulation of gas in either ac- 
tive or inactive workings. The exect procedure followed for any particular 
set of conditions is a matter larzely determined by the mine foremen in charge 
of the section. The main requirement, of course, is that all parts shall be 
swept by the alr currcnts and that all dead ends to the rise, however smell, 
have at least a drain opening to some hizher onening which is ventilated. De. 
tailed coursing of the returr air currents along the top of first-mined sec- 
tions and along the crests of anticlines and rolls accomplishes the major part 
of this requirement. 


Wall stoppings on openings on the dip of the measures are not only 
erected as close to intake airways as the sluffing of the pillar corners, makes 
feasible, but many are also provided with a drain opening along their top. 


Hurdles or deflector brattices are generally used for high spots in the 
roof where accumulations have been detected. Where hurdles would be ineffect~ 
ive or inconvenient, 2- to Winch-diameter pipes or larger wooden conduits are 
carried from local high spots on intake airways to an adjacent return ainvay. 
These, however, require refular inspection, as they can be rendered inopera~ 
tive through a small"fall disturbing the pipe or conduit. 


Along main haulage routes where such"pot holed! exist, an effort is made 
to stream-line the roof or “iron out! the hole by trimming down on each end of 
it to allow the air currents to sweep against the top; or, in some cases it 
is more practical to build in a concrete slab roof at the normal roof height 
and fill the void above with a suitable packing material, such as clay or fine 
Culm, 


Practice in Dispersing Gas Accumilations 


Practice as to removing local gas accumulations when they are found 
varies in collieries according to established custom. In some only mine © fn 
ficials, assisted by bratticemen, are allowed to attempt to disperse such 
accumulations. In others the miners erect their own brattices and are allowed 
to remove Zas accumulations under the direction of a mine official. 


5885) =19% 


Google 


I.C. 45 


Ge: accumulations usually are dispersed readily in flat workings by ro. 
pairing or replacing the apyliance responsible for the accuuulation, by werent. 
ing the air flow to the affectee area temporarily, or by doflecting air currents 
to the affected erca by brattices. Where breasts on stvep pitches fill with 
gas, Jue to some deransement or blockirs of the distribution system or toa 
lecai outburst of fas, considerable difficulty is experienced in removing the 
G28 or, ratncr, in getting the body of gas into movement. Once started, it 
usuelly moves out as readily as in flet “workings. The tendency to immootlity 
is dus to the naturel pressure cifference generated ty the difference in weights 
of the two air columss involved ~ one gasefree and the other gas<charged, The 
pressure thus generated is opposed tn the fan-produced pressure and is difficult 
to overcome at times. It is necessary to keep the gas content of the downcast 
column iow enough to prevent the natural draft pressure generated from over- 
coning the fan pressure available, and remeval is a slow process of successive 
smali"bited'. Somatines very small artificially-—vroduced pressures, such as 
those caused ty coal or a box falling down a steep manway opening, suffice to 
overcome a condition of nressure Utalance, ard the gas starts moving out. 

On account of the relative lightness of the gas-air mixture, its travel 
throuseh nitch workings may produce unexpected conditions of flow, to which long 
experience 2s to what has hapoened is adout the enly practical guide. 


Natural Drart Effects 


| Natural crafts are minimized as imca as possible on account of their 
effect on the constancy of ventilation conditions, since any lack of constancy 
in distribution conditions not cnly adds to the expense of maintaining prper 
control over distribution but also introduces an element of danger in gsssy 
operations. 


Altniough differences cf surface elevations up to 409 feet are possible 
at the collieries that flank the hills, it is the policy of most companies to 
avoid openings on the hillsides as mich as possible, except in naturally ver 
tilated sections, and to corcentrate surface openings at abcut tne level £ $28 
openings of the operating shafts. 


Many surface openings exist on tne hillsides as a neritsge of past oper 
tions and as a result of more recent pillar-mining in shallow seams. The mact 
affects of natural drafts are confined largely to the upner parts of such sears 
where ventilation requirements are a minimum anc natural drefts alene suffice 
for ventilation. large arenas that would also be adequately ventilated by na vue 
ral drafts are often segresuted from these upper sections end ventilated mecna 
cally. 


Althovgh naturel draft effects due to differences of surface elevaticns 
ef openings are being eliminated to a great extconut, the seas:nal effects, due 
to seasonal temperature differences in downcast air columns and such small sur 
face columns as exist, still cause larze seasonal variations, and seascnal ace 
justment ¢ ef control features is recuired, 
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Natural draft pressures fenerated locally in steen pitch workinzs not 
only make it difficult to disperse locel gas accumulations but also demand a 
sufficient intensity of fan pressure 69 overcome the adverse natural dreft 
pressure usually vresent. While it is j:o3sible to reduce the normal volume 
of flow in flat workings materially durins idle pcriods, as a matter of economy, 
the same procedure is not aiways feasitle in pitch werkinss, since the accom. 
panying reduction in fan-dzevelcpod pressure inny Dring avout a balanced condi- 
tion of pressures which socts to reduce the flow through sections where the re- 
turns are locally cowncast, with resvlting gas accuzulations, 


Air Cozncitions 


With few exceptions, the air conditions ere cool and comfortable every- 
where underground throughout the year. Cccasicnally, works on active fire 
areas is performed under uncomfortably varm air conditions, and places close 
to the major intakes are uncomfortably cold in winter, although fenerous pro~ 
vision is made for heated ruoms for routine activities. 


, oe e i | ©) e 
Temperatures in working places range from atout 50° to 65 F., with wet- 
bulb depressious commonly ranging from 2°to 5°, corresnonding to a relative 
hunidity range of about 75 to 390 percent. 


While a few scatteree secticns are wet, most working pleces are dam to 
dry, and the steerer pitch workings are normally very dry. In the latter, the 
coal falls lone distances to the ganewirs, and dust control requires copious 
ventilating currents, sreatly exceeding those required for gas dilution or 
rapid dispersion of blasting smoxe. 


Use of Air Analyses 


Samples of the generel mine air, taken at various times in the past in 
the collieries of the larscr companies, have always shown air of good quality 
in working places, with oxygen avove 20.5 percent, carbon dioxide under 0.3 
Percent, and no carbon menoxide. 


Methane fas conditions are gazed by the proper mine officials on their 
rerular inspection trips, ty flame safety lamp tests; that is, it is ‘nown for 
every accessible place underground that tne gas content is or is not below 
about 1 percent. Standard procedure is to use a recuced flame on the safety 
lemo when testins for methano. Most fire bosses, however, use the normal fleme 
for detecting the presonce of methane and tne reduced flame for quantitative 
duterminaticons only. 

Air analyses are used most in connection with mine fire-fighting opera~ 
tions. Hundreds of analyses have been required in certain instances for main~ 


taining the close: check on air conditions in senled areas required for this 
work, 


“dajor and minor returns at most collieries are sampled at intervals of 
two or more years, but at those of the more progressive companies present 
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procedure is to mike occasional or freque.it checks of all gaseous sections 
witn a methane detector. The uniformitv of results, as respects major re- 
turns, over a period of mouths or years is remarkable, as is also their cor- 
relation with easily observed general conditions of oneration. Recent re- 
sults of samplings major returns, initinted at the request of Deputy State | 
Mine Inspector Joseph Walsh and carried out dy Rh. D. Currie, associate min- | 
ing engineer of the United Stztos Bureau of Mines in cooperation with the 
various State mine, insnectors ani compary officials, have been compiled for 
coming eee ed a Buresu of Mines Information Circular. They show that 
very few of the main returns in tra nortnern and central parts of the field 
had gas contents in excess oi 0.1 percent, and that the maximum was about 0.3 
percent. These are all nongassy or only slightly gassy operations. In the 
southern vart of the field, “whieh includes many very gessy onerations, with at 
least 15 collieries discharging 1-1/2 to 6-1/2 million cubic feet of methane 
per 24 hours, few of the main returns had gas contents in excess of 0.5 per 
cent anc only two at a rather sziall operation exceeded 1.0 percents 


Colliery records show that few semnles talzen close to active sections 
show more than 9.5 percent, even at the most gassy onerations, although more 
may be picked up by returns traveling through inactive workings, which are 
all epen and ventilated where practicable. This content - 0.5 percent — is 
generally regarded throughout tie field as the maximun permissible for safety 
in returns fromective sections. 


Production of mothane, in terms of production o7 coel, varies greatly 
throughout the field but devends largely on relative location although influ 
erced locally by deptn and relative amounts of first~mining and villaremining 
operations. In the northern and central parts the rate rarely exceeds 10 
c.f.m. per 24 hours per ton of Gaily production in old workings, or 300 c.f.m 
in newer operations with considcrable first-minine in progress. In the 
southern part, however, 300 c.f.m. per ton is about the minimum, 1,000 c.i.n. 
a fair avernge, and the meximum is about 1,600 c.f.m. por ton for large opera- 


tions. 


Porsonnol 


ete nena) 


The local colliery mine fcremen aro, ty law, responsible for the feneral 
and specific features of the ventilation of their resnective sections of the 
underground workings. In the case of the larzer companies, thoy initiate major 
changes, but the exact procecure for meeting a particular set of conditicns 
is arrived at in conferences with higher officials and interested staff offi- 
Cials, and approved by the general manaser. 


Fe ec a ees ee 
y/ Currie, R. D., Air Sampling in the Anthracite Region Sentembver 1932 te June 
1934. Unpublished manuscript. (Putlished as: Methane~Indicating Detectors 
Prove Dependable in Samsling Air in Anthracite Mines: Information Circ. 
6874, Bureau of Mines, February 1934) 
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A ventilation inspector is attached to the safety division of the staffs 
of several of the Jarger companies, with the civision nead rcporting direct to 
the general manazer. In adcition to making neriocic inspections or all work- 
ing places, he 1s available at all timos for consultcticn on changes in dis- 
tridbution, or, in emergencies, to take charge, under the mine fore2nen, of 
major changcs in cistritution reauired by charges in overnting conditions. 


local differences in practices, minirz conditions, and job designations, 
even as between the varicus collieries of the same company, result in large 
differences in the personnel requirea for maintenance and operation of con 
trel features, particulerly as resvocts the number of bratticemen and door- 
boys. As far as can be ascertei:ied from the records available, about 1 to 2 
percent of the underground forc2 is engegec on ventilation matters in the 
northern and central parts of the field, whereas in the newer operations of 
thre southern part the prooortion is about 3 to 5 percent, increasing to 7 to 
10 percent for some of the ol3er very tassy collieries. 


No attempt has been mate to present cost data in this paver for a 
number of reasons. Anthracite onerators are traditionally opposed to giving 
out cost data, and although several corpanies indicated a willingness to con- 
trivute data on this phase of the subject, yet the available recor¢s were 
acknowledged to be so incomplete that the practical immossibility of comil- 
ing truly representative dat» w:s evident «znd it seemed more desirable to onit 
these data then to present ineccurate data. The same condition applies to 
cost data of a more detailed natura, sucn as for installations of control 
features; the data secured more or less unofficially were so at veriance 
that it has been considered better to omit them entirely rather tnen give mis~ 
leading data. 


The rough estimate of $4,599,000, given in an introductory varagraph 
as the probable yearly cost of ventilation in this ficld, wes derived from 
the following roughly estimated averages: 2,000,000 c.i.m. at 2.0 inches 
preasure, over-all mechanical efficiency 50 percent, vower at 1 cent per 
kw.-hr., and power cost one tnird of total cost. This corresponds to an 
average for the field of about 24 cents per ton of coal produced, 
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